The titanium dioxide powders are widely used as a pigment for coatings and paints, the important characteristics of which are reflectivity and stability to irradiation. The results of investigations of the optical properties and radiation stability of titanium dioxide powders before and after high-temperature modification with nanopowders are presented in this chapter. The diffuse reflection spectra of various titanium dioxide powders in the UV, visible, and near-IR ranges, and their change during irradiation by electrons with 30 keV energy and a different fluence in vacuum in situ were investigated: (1) TiO 2 powders with particle size in the range 60-240 nm; (2) Microsized TiO 2 powder (240 nm) modified by Al 2 O 3 ,ZrO 2 ,SiO 2 , TiO 2 , ZnO, MgO nanoparticles with grain size from 30 up to 60 nm; (3) Microsized TiO 2 powder (260 nm) modified by SiO 2 with the grain size of 12-14 nm at the temperature of 150, 400, and 800 C. The reduction in reflectivity in entire spectrum with decrease in grain sizes of TiO 2 nanopowders was established. Nanopowder with the grain size of 80 nm possesses the highest stability to irradiation. It was shown that the average grain size and specific surface of introduced nanoparticles effect noticeably on the radiation stability increase of titanium dioxide powders modified with nanoparticles of various oxides. The micro-sized TiO 2 powder heating at temperature of 800 о С is the factor which positively influences on the radiation stability.
Introduction
The titanium dioxide powders are widely used in many branches of industry. They are utilized as effective photocatalyst [1] [2] [3] , pigments of thermal control, and anti-reflective coatings of spacecraft [4, 5] . In recent years, the investigations of possibility of their usage as solar photoconverters are conducted [6, 7] . But they have found the largest application as household paints [8] .
Such fields of the use imply a work in conditions of an action of charged particle fluxes, UV, and visible radiations. The absorption centers, caused by cation and anion defect sublattices, are formed due to these radiations. That is why the method development of an increase in radiation stability of titanium dioxide powders is a relevant problem.
Theoretical and experimental studies revealed [9] [10] [11] [12] [13] [14] that the modification with nanopowders is sufficiently effective way to increase the radiation stability because they possess large specific surface and work as a "sink" for gathering electronic excitations formed during irradiation. However, the modification by nanopowders can lead to a deterioration of initial optical properties that can be induced by large absorption of native point defects in the UV and visible ranges and by absorption of chemosorbed gases in near-infrared (IR) range of spectrum. The modification is associated with high temperature heating of powders, an effect of which on optical properties and radiation stability is studied poorly.
An influence of the modification by nanopowders on photo-and radiation stability of reflective powders is discussed in [9] [10] [11] [12] [13] [14] . There are no data about an effect of modification conditions (temperature and heating time, type, and concentration of nanopowders) on the optical properties of materials and their stability to an impact of ionizing radiations.
In the present chapter, the data obtained by the authors regarding optical properties and radiation stability of titanium dioxide powders before and after modification with nanoparticles of various oxides are considered. The radiation stability of titanium dioxide powders of different sizes and different types of crystal structures is considered. The results of investigations of the rutile titanium dioxide powder modification by nanoparticles of oxide compounds at the temperature of 800 C as well as the studies of an effect of the anatase titanium dioxide powder modification by SiO 2 nanoparticles with large specific surface at the temperatures of 150, 400, and 800 C are presented.
Experimental
For modification by various nanoparticles, the rutile TiO 2 powders with the average particle size of 240 nm and specific surface of 8 m 2 /g were used. The anatase TiO 2 powders with the average particle size of 260 nm and specific surface of 7 m 2 /g were used for modification with SiO 2 nanoparticles (average particle size 12-14 nm). The TiO 2 powder was mixed with oxide nanoparticles in a ratio 100:7, the distilled water was added, and it was evaporated at the temperature of 150 C for 6 hours. Then, the mixture was heated in an oven for 2 hours at 400 or 800 C. After heating, the mixture was grinded in agate mortar and was pressed into metal substrates with 28 mm diameter and 2 mm height. The prepared samples were mounted in space environment simulator "Spektr" [15] . Since the sample interaction with atmospheric oxygen after irradiation can lead to "bleaching"-a decrease in concentration of formed absorption centers of oxide reflective powders, the diffuse reflection spectra (r λ ) were registered in vacuum (in situ) after irradiation with accelerated electrons (E = 30 keV, φ = 1Á10 12 cm À2 s À1 , F = (0.5, 1, and 2) Â 10 16 cm
À2
, Т = 300 K, Р =10 À6 torr). The radiation stability was evaluated with using the difference spectra and the change in integral absorption coefficient of solar radiation (а s ), which is computed from diffuse reflection spectra according to the following expression:
where r λ -spectral reflectivity; I λ -solar radiation intensity; λ 1 ÷ λ 2 -Sun spectrum range (the Sun radiates 98% of total energy in the range of 0.2 ÷ 2.5 μm); n-the number of equienergy ranges of the solar spectrum [16] .
Changes in absorption coefficient а s were defined from subtraction its values before (а s0 ) and after (а s,irr ) irradiation of powders by accelerated electrons:
3. Optical properties and radiation stability of micro and nanopowders of titanium dioxide before modification
The study objects were the TiO 2 submicron sized powders of industry production with an average particle size of 240 nm (mÀ240), as well as nanopowders with an average particle size of 60 (nÀ60), 80 (nÀ80), and 160 (nÀ160) nm. The specific surface of mÀ240, nÀ160, nÀ80, and nÀ60 powders was 8.0, 13, 16, and 28 m 2 /g, respectively [17] .
The mÀ240 powder possessed rutile lattice, and the nanopowders were the mixture of anatase and rutile. The ratio of these phases changed with the change in particle size. With a decrease in particle size from 160 down to 80 and 60 nm, the concentration of rutile changed from 50 down to 33.9 and 98.7 mass%, the anatase concentration was 49.8, 66.1, and 1.3 mass%.
The largest value of the reflection coefficient (r 0 ) was registered in r λ0 spectra of micropowder mÀ240. The nanopowders nÀ160, nÀ80, and nÀ60 follow in order of its decrease ( Figure 1 ).
The absolute values of the reflection coefficient on the various regions of the spectrum reduce with decreasing powder particle sizes. Its largest values are registered in the range from 500 to 1200 nm. The reflection coefficient reduces in more short-wavelength (λ < 500 nm) and more long-wavelength (λ >1200 nm) ranges. The more is the decrease, the less is the size particles of powders. In the short-wavelength region, the decrease in the reflection coefficient is sharp with pronounced outlines of the absorption bands, and in the long-wavelength region, the decay is Such a character of the difference in the reflection coefficient on the various regions of the spectrum allows to believe that its reduction is determined by a variety of factors. For their identification, the difference diffuse reflection spectra were obtained by means of subtraction from 100% value of r in r E0 spectra, which depend on energy:
Such spectra ( Figure 2 ) are the absorption spectra of powders before modification. They indicate which absorption bands define a decrease in reflection coefficient. Qualitatively, all spectra are similar. They consist of three regions. First region from absorption edge up to 2.5 eV is characterized by several absorption bands. These bands are encased in integral contour, which is defined by native point defects of titanium dioxide. The intensity of this band in the maximum is 15, 33, 38, and 60%. It is inversely proportional to particle sizes of powders mÀ240, nÀ160, nÀ80, and nÀ60.
The second region is characterized by an absence of relationship between Δr and energy. Its length depends on grain size of powders: the less is the grain size, the shorter is the region. The second region of mÀ240 powder is in the range of 3-1eV ,nÀ60 powder-in the range of 2.25-1.5 eV, which has an absorption by Ti i˙, O i´, V O˙, and Ti i˙˙d efects. There is a dependence of Δr values on particle size of powders: the less is the particle size, the larger is the absorption coefficient. Since nanoparticles possess the large specific surface, the concentration of native lattice defects on their surface is higher than in micropowders, and consequently, the larger concentration of interstitial titanium ions (Ti i X ) will be in the nanoparticles. 
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The third region in the vicinity above 1.5 eV is determined by increasing values of absorption coefficient with an increase in energy. The slope of these absorption contours is different for various powders: with reducing particle size, the slope increases. In the near-IR range, the absorption of semiconductors is defined by free electrons, which is described by a power law of absorption coefficient from wavelength:
The power function is defined by free electron transitions between levels in the conductance band. That is why, the exponent can be a measure of free electron concentration [18] . The calculations showed that with the decrease in particle sizes of powders the exponent n increases ( Table 1) . It means that the concentration of free electrons increases with decreasing grain sizes or increasing specific surface.
Thus, the reflection coefficient of initial powders is determined by native point defects and free electrons. The less is the particle sizes of powders, the larger is the concentration of native point defects on the surface and the concentration of free electrons. The particle size defines a value of the reflection coefficient on the first and third regions of the reflection spectra. The Table 1 . The dependence of exponent n on the particle sizes of TiO 2 powders.
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Qualitatively, the change in diffuse reflection spectra obtained after irradiation (Δr F ) is the same for all powders ( Figure 3 ). They are absorption spectra induced by accelerated electron exposure. The spectra include the bands in the visible range with the maximum at 2.9 eV and wide unstructured band in the near-IR range with maximums at 1 eV.
The Δr Eа spectra of powders nÀ60 significantly differ from mÀ240, nÀ160, and nÀ80, where three regions can be distinguished with qualitatively difference of absorption coefficient. The first region is characterized by the presence of absorption bands in UV and visible ranges. The second one has absorption in the range of 2-1.5 eV. The third one is in the range above 1.5 eV with absorption peak in the range of 1-0.7 eV.
In order to understand the origin of bands and to conduct an analysis of nanoparticle size effect on absorption center accumulation, the Δr E spectra were decomposed on elementary bands [19] [20] [21] [22] [23] . The function of decomposition consists of 80% of Gaussian and 20% of Lorentzian functions [24] . From decomposition of the induced irradiation spectra on absorption spectra, it follows that during electron exposure in mÀ240, nÀ160, nÀ80, and nÀ60 titanium dioxide The analysis of the integral area of the bands during a variety of fluences of electron exposure with energy of 30 keV shows ( Table 2 ) that the highest radiation stability belongs to powders with 80-160 nm particle size and the powders with 60 nm particle size possess the lowest radiation stability. Advantageously, the difference is due to a greater concentration of defects V Ti´´´´, V Ti´´´, and V O X ,aswellasduetoTi i˙˙˙a nd V O˙˙f ormed defects, which lead to absorption band generation close to 2.17 eV in difference diffuse reflection spectra. The similar band is registered in the spectrum of nÀ80 nanopowder, but its intensity is significantly less than nÀ60.
Elementary processes leading to formation and accumulation of such defects are described by reactions given below, where the following designations were accepted: 
4. Optical properties and radiation stability of titanium dioxide powders after heating and modification with nanoparticles
Reflection spectra of modified powders
The rutile titanium dioxide pigment (mÀ240) was used for investigation of an influence of nanoparticle type of various oxide compounds on diffuse reflection spectra of modified TiO 2 powder and their changes after accelerated electron irradiation [25] . The average grain size of Modification effects on r λ spectra are shown in Figure 4 . In the range of 440 nm, the reflectivity of heated and modified powders increases by 2-3% ( Figure 5 ). An exception is a powder modified with n-ZnO, the r value of which reduces by 2-4%. In the range of 580 nm, the reflectivity increases for powders doped by n-MgO and n-TiO 2 only. For other modified powders, the reflectivity does not change noticeably, for the powder doped with ZnO nanoparticles-itdecreasesaswell.
The r value of powders modified with n-TiO 2 and n-SiO 2 increases noticeably in the near-IR range at 850 nm. For other modified and heated powders, the r changes insignificantly. The increase in r is detected in the spectra of powders modified with n-MgO, n-ZrO 2, n-ZnO, and n-SiO 2 at 1200 nm. The largest increase is 4%. The increase in r in the range of 1800 nm is observed at both heating and modification by all nanopowders. The largest value, equaled to 4.7%, belongs to powder modified with n-ZnO.
The change in r λ spectra of powders at heating and high-temperature modification can be because of the distinction between the reflection coefficient of nanoparticles and the reflection coefficient of micropowder. This distinction is determined by large value of nanoparticle scattering coefficient in comparison to micro-sized particles and will appear, mainly, in the visible range of spectra. 
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Another reason of the reflection coefficient distinction is desorption of gases molecules from the surface at heating, the main component of which is OH-groups and molecules of water [24, 26] . The desorption leads to a reduction of absorption band intensity in the near-IR range at 1240, 1420, 1950, and 2250 nm [27] [28] [29] .
An oxygen chemisorption, simultaneously with desorption, on the freed bonds on the surface and oxygen diffusion into the bulk of powder grains occur at heating in atmosphere. This leads to a decrease in the concentration of native point defects, to a decrease in the intensity of the absorption bands, and to an increase in the reflection coefficient in the regions where the bands are located.
Radiation stability of modified powders
Radiation stability was estimated from the difference diffuse reflection spectra (Δr λ ), in which two parts can be distinguished, determined by the absorption bands. In the visible range the bands at 420-580 nm are registered, in the near-IR range at 850-1200 nm ( Figure 6 ). The position of maximums changes depending on type of nanopowder. Two bands appear in some spectra and one band in others. Based on types and number of absorption bands in these ranges of TiO 2 absorption spectra, it can be assumed that these integral contours include a large number of elementary bands. The Δr values in these regions are different: for some powders, they are approximately the same; for others, the intensity of the band in the near-IR region is substantially larger.
Judging by the Δr λ values, it can be concluded that the largest changes occur during irradiation in the visible range in the powder heated at 150 С and in the powders modified with nMgO and n-ZnO. The changes in r λ spectra reach 27% after exposure. The radiation stability of TiO 2 powders modified by all types of nanoparticles is higher compared to unmodified powder but heated at 150 С. A reduction in Δr values of modified powders is registered in entire range of Δr λ spectra ( Figure 6 ). The effectiveness of modification (Δr 150 /Δr mod ) reaches almost two times in the visible range. In the near-IR range, it is even larger and reaches more than six times. The best result in the visible range corresponds to nZrO 2 modification, in the near-IR range-n-SiO 2 .
Radiation stability in the visible region of the spectrum of TiO 2 powder heated at 800 С is the same or even higher in comparison to the modified powders. Only the modification with nZrO 2 gives, although not significant, an increase in radiation stability compared to the heated powder. Modification with n-SiO 2 nanopowder results in a slight decrease and the modification with n-MgO, n-ZnO, n-Al 2 O 3 , and n-TiO 2 to a noticeable decrease in radiation stability in comparison to the heated powder.
In the near-IR region, the modification with some nanopowders has a significant effect on the radiation stability. The largest effect was obtained using n-SiO 2 and n-ZrO 2 . Then, mixtures with n-Al 2 O 3 and n-TiO 2 follow. The least effect from the modification was obtained using nMgO and n-ZnO.
With respect to the aggregate values of Δr in the visible and near-IR regions of the spectrum, the series of the largest effect at modifying with nanoparticles is as follows: 1-SiO 2 ,2-ZrO 2 , 3-Al 2 O 3 ,4-TiO 2 ,5-MgO, and 6-ZnO. The largest effect in increasing the radiation stability of micropowders of titanium dioxide is obtained by modifying with n-SiO 2 and n-ZrO 2 and the smallest by the modification with n-MgO and n-ZnO. A comparison of the r λ spectra of heated TiO 2 powders shows ( Figure 7 ) that with an increase in the heating temperature from 150 to 400 C, the reflection coefficient varies in different regions of the spectrum according to various regularities [26] . In the region from the absorption edge up to 600 nm, it increases so that an absorption band with a maximum at 400-405 nm is formed in the difference spectrum determined by the relation:
where r λ150 and r λ400 are the reflection coefficients of the powder heated at a temperature of 150 and 400 C, respectively.
In the 600-900 nm region, the reflection coefficient slightly decreases with a minimum value of 1.7% at 700 nm. In the longer wavelength region, it increases in accordance with power law of the wavelength [30, 31] .
An increase in the heating temperature up to 800 C leads to the appearance of an absorption band at 380-390 nm in the difference spectrum (Δr λ = r λ150 À r λ800 ). At 450-680 nm, the changes are close to zero, and in the region of 680-2100 nm, a power function of the wavelength with a maximum value Δr = 8.7% is recorded.
Modification of the TiO 2 powder with SiO 2 nanoparticles and heating at 400 C, both lead to a decrease in the reflection coefficient over the entire spectrum (Figure 8) . At the same time, an absorption band is recorded in the region from the absorption edge up to 600 nm with a maximum at 500 nm, and in the longer wavelength region, the reflection coefficient changes without certain regularities, the Δr values are 2-3%.
An increase in the heating temperature up to 800 C at modifying TiO 2 powder leads to a decrease in the reflection coefficient in the region from the absorption edge up to 600 nm and Figure 7 . The diffuse reflection spectra of unmodified titanium dioxide powders heated at various temperatures.
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Analysis of the r λ spectra of heated and modified by nanoparticles at different temperatures of titanium dioxide powders shows that the change in the reflection coefficient in the entire spectral region is determined by several processes, which lead to the appearance of qualitatively different dependences. A band with a maximum at 400-500 nm caused by defects of cationic sublattice (interstitial ions or absorption vacancies) is on the first region in the range from the absorption edge to 600 nm of TiO 2 . The range from 680 or 900 nm to 2100 nm is the second region and can be described by a power-law dependence of the absorption coefficient from the wavelength because of electron transitions between levels in the conduction band of TiO 2 . In the interval between these two regions, the difference values of the reflection coefficient change insignificantly or form an absorption band with a maximum at 700 nm.
Therefore, heating the TiO 2 powder at 400 and 800 C without nanoparticles and in mixtures with SiO 2 nanoparticles leads to a change in the concentration of native point defects and free electrons on the surface. Such changes are determined by the desorption of physically and chemically sorbed gases, the release of bonds, their filling with other molecules and atoms, i.e., redistribution of defects and electronic state on the surface.
Exposure with electrons leads to a decrease in the reflection coefficient over the entire spectrum as a result of the formation of radiation defects and the appearance of the absorption bands induced by them. With an increase in the heating temperature from 150 to 400 C, very slight changes in the absorption coefficient occur (Figure 9 ).
Since the heating at 150 C does not give noticeable changes in the absorption coefficient a s , then the Δa s values of the heated powder at 150 C are taken as the values of the initial (unheated) powder, and the efficiency of the TiO 2 micropowder modification by the SiO 2 nanopowder in an amount of 7 mass% at a temperature of 400 or 800 C was computed as follows: The decrease in the efficiency of silica nanopowder modification with increasing exposure time or electron fluence is, probably, determined by the contribution of the surface preradiation defects in the total concentration of radiation defects formed by irradiation both in the TiO 2 micropowder and in SiO 2 nanoparticles.
When the electron fluence is less than 0.5 Â 10 16 cm À2 , the main contribution to the change in the diffuse reflection spectra and the integral absorption coefficient is made by preradiation defects on the grain surface of the crystal lattice of the TiO 2 powder.
Upon irradiation by accelerated electrons with prethreshold energies (e*), the processes of formation and separation of charge carriers in titanium dioxide proceed according to the scheme:
a. Hole-electron formation
b. Hole drift toward negatively charged surface, then an interaction with sorbed radicals and their oxidation
c. Neutralization of surface oxygen by holes
d. Oxygen formation and its escape in vacuum
Holes move to the surface, where they first interact with surface oxygen, then with the oxygen of the lattice that leads to its radiolysis. If there are defects on the surface, then holes relax on these defects and SiO 2 nanoparticles do not play a special role in increasing the radiation stability. And only at an optimal value of the nanoparticle concentration which is sufficient to create the necessary number of relaxation centers along with the available native surface defects-native relaxation centers, the modification becomes effective.
Based on the results of studies of the temperature effect on optical properties (Figures 9 and 10 ) at the TiO 2 powders heating and their modification by SiO 2 nanoparticles, the following can be concluded:
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1. Heating at 400 C does not give a noticeable increase in optical properties stability during electron exposure in comparison with the heating at 150 C. The increase is significant for modified powders, and the coefficient η is 2.38, 1.8, and 1.73 for electron fluence (0.5, 1, and 2) Â 10 16 cm
À2
, respectively.
2.
Heating at 800 C leads to an increase in the radiation stability of both types of powders. In this case, the coefficient η is 1.82, 1.48, and 1.43 for unmodified and 2.65, 2.31, and 2.26 for modified powders for electron fluence (0.5, 1, and 2) Â 10 16 cm À2 , respectively.
3.
A comparison of these values shows that, with respect to the coefficient η and its dependence on the electron fluence, the modification at a temperature of 400 C leads to approximately the same effect (η = 2.38, 1.8 and 1.73) as the heating at 800 C(η = 1.82, 1.48, and 1.43). The effectiveness of such a method of processing powders is manifested: modification at a reduced temperature gives the same effect as heating at a higher temperature.
4.
The lack of improvement in radiation stability from heating at 400 C can be a consequence of the fact that at such a temperature, the surface of titanium dioxide particles is released only from physically bounded water on the surface and OH À groups. Surface bonds are not released, and there is no chemisorption of oxygen, which does not give noticeable changes in the concentration of anionic sublattice defects.
5.
A noticeable improvement in the radiation stability of the powder modified at 400 C testifies to the effect of SiO 2 nanoparticles, which are on the surface of grains and granules of titanium dioxide, as centers of relaxation of electronic excitations arise upon irradiation. This effect is more pronounced at low electron fluences (η =2 . 3 8a t F=0 . 5Â 10 16 cm À2 ), i.e., when the surface preradiation defects in titanium dioxide determine a degradation. At such a temperature and electron fluence of 0.5 Â 10 16 and 1 Â 10 16 , these defects, basically, transform to color centers. This is evidenced by the almost complete equality of the absorption coefficient at an increase in the heating temperature from 400-800 C: Δa s = 0.029 for T = 400 Ca n dΔa s =0 . 0 2 6f o rT=8 0 0 C. From this point, the following can be concluded that in the case of small values of the electron fluence (or absorbed dose), a rather low heating temperature (400 C) is sufficient at modification with nanoparticles.
6. If the electron fluence increases to (1-2) Â 10 16 cm
À2
, then the change in Δa s values of specimens heated at 400 and 800 C increases from 0.03 up to 0.1 and 0.13, respectively. This means that for large values of fluence, the SiO 2 nanoparticles on the surface of TiO 2 grains and granules are not sufficient to perform the function of relaxation centers of electronic excitations. Therefore, in order to clean the surface from chemosorbed gases, the appropriate conditions, such as heating at 800 C, should be provided.
The fact that the radiation stability at the same heating temperature is higher in mixtures of TiO 2 +S i O 2 powders than TiO 2 powders may indicate about a change in the catalytic activity, specific surface area, and concentration of chemisorbed gases upon the addition of SiO 2 nanoparticles. The reduction in the catalytic activity which depends on the anionic vacancy concentration and excess titanium on the surface [32] will occur at heating in an atmosphere with a large oxygen concentration. Such a heating, in turn, will lead to an increase in radiation stability.
Titanium Dioxide -Material for a Sustainable Environment Figure 10 . Effectiveness of the heating and TiO 2 powder modification (η) with SiO 2 nanoparticles. The heating of TiO 2 powder mixtures with SiO 2 nanoparticles at a temperature of 150, 400, and 800 С cannot lead to the formation of new phases, because even at a higher heating temperature (900, 1000, and 1200 С) of TiO 2 + SiO 2 powder mixtures, the Ti (1Àx) Si x O 2 solid solution is not formed [33] .
A certain contribution to the increase in radiation stability at the highest heating temperature in the present studies, equaled to 800 C, can be made by changing the phase state of TO 2 powderthe conversion of anatase to rutile, which is carried out at a temperature of 450-900 C. The transition temperature is determined by the degree of crystallinity of the compound (films, polycrystals, and single crystals), the concentration of defects, and other factors [34, 35] .
When SiO 2 particles are added to the TiO 2 powder, the phase transition is facilitated: transition temperature reduces and the relative rutile concentration increases [33] . Therefore, the TiO 2 powder mixtures with SiO 2 nanoparticles heated at 800 C can give an increase in the relative rutile concentration, a change in the particle size and specific surface area, the concentration of absorbed gases, and stability to an impact of electron exposure. A confirmation of the increase in rutile concentration with increasing temperature is the results of X-ray phase analysis (Figure 11) , which show that an increase in the heating temperature from 150-400 C does not change the phase ratio, and further increase to 800 C leads to the formation of rutile in an amount 10 mass%.
Conclusions
In this chapter, the optical properties and radiation stability of titanium dioxide powders before and after modification by nanopowders of various oxide compounds (Al 2 O 3 ,Z r O 2 ,S i O 2 ,T i O 2 , ZnO, and MgO) are considered. 
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The reflectivity of modified powders can both increase, in comparison to the initial powders, and decrease. The reflection coefficient is determined by the grain sizes and, with their decrease, it increases, which occurs when nanopowders are added. The decrease in the reflection coefficient may be due to a large absorption by native point defects in the UV and visible ranges and by chemisorbed gases in the near-IR range of the spectrum, determined by the larger specific surface area of nanopowders.
Modification with nanopowders leads to an increase in the radiation stability of reflective powders, which is determined by the relaxation of electronic excitations on the surface of nanoparticles and by a smaller concentration of absorption centers formed upon irradiation. The maximum effect of increasing radiation stability is achieved by modification by nanopowders with a larger specific surface area and a smaller particle size. An additional factor affecting the increase in radiation stability is the heating during the modification, and the largest effect was obtained at T=800 C.
